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member proposes to attend the meetings of the
Section, such cases should be specially considered
by the Committee of the Section, and the member
claimed if it is thought right).

Neivcastle-on-Tyne: The counties of Northumberland-,
Durham, and Cumberland, with the town of
Middlesbrough and Cleveland District.

The following paper was then read :—

THE USE OF ALUMINIUM AS AN ELECTRICAL
CONDUCTOR, WITH NEW OBSERVATIONS
UPON THE DURABILITY OF ALUMINIUM
AND OTHER METALS UNDER ATMOSPHERIC
EXPOSURE.

By JOHN B. C. KERSHAW, F.I.C.

I. INTRODUCTION.

The high price to which copper has been forced in
recent years by a combination of natural and artificial
causes—a combination which it is unnecessary to discuss
in this paper—has led to a renewed interest in aluminium
as a substitute for copper in electrical power transmission
schemes.

Ten years ago the price of aluminium was 8s. 4d. per lb.,
and its use as a substitute for copper for electrical purposes
even with the latter metal at £So per ton, was therefore
economically impossible. The purity of the metal manu-
factured in the. early days of the electro-metallurgical
process, by which the whole of the supply of the metal
is now produced, was also variable ; and it is only within
the last few years that the improvements in the process of
manufacture, in their relation to the quality and price of
the metal produced, have brought aluminium within the
practical range of the electrical engineer as a substitute for
copper.

The following table shows that the price of aluminium
has fallen and the quality has improved with increasing
output, each year since 1890, when the present electro-
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metallurgical process of manufacture was first adopted in
this country.

TABLE I.

WORLD PRODUCTION AND AVERAGE PRICE OF ALUMINIUM, EACH

YEAR FOR THE PERIOD 1890-1900.

Year.

1890
1891

1892

1893

1894

1895
1896

1897

1898

1899

Production in
Metric Tons of

2,204 lbs.T

165
233
487

715

1,240

1,418

1,789

3>394

4>O33

5,000
(Estimated)

Price in Pence
per lb. in U.S.A.

75

49

37

30

27i
2 0

17*

i 6 i

Quality.^

r-93 to i-64 %
< Silicon, -32 to
( i-66 % Iron

(•02 to 13 %
< Silicon, "12 to
( -32 % Iron

II. RELATIVE COSTS OF COPPER AND ALUMINIUM.

In order to compare the price of aluminium with that of
copper when used for conducting purposes, it is necessary
to make allowance for the fact that the Specific Gravity of
aluminium is rather less than one-third that of copper, and
that its conductivity for wires of equal sectional area is only
from 50-63 per cent, that of the more common metal. The
following formula is useful for calculating the relative prices
of equal lengths of bare conductors of the two metals, of
equal electrical capacity :—

S x P x c
s x p x C

1 From The Mineral Industry, vol. viii., 1900.
2 Moissan's tests, Comptes Rendus, 1898.
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In this S, P, and C represent the Specific Gravity, Price, and
Conductivity of Copper, while s, p, and c represent the
corresponding values for aluminium.

Taking the most reliable values for the physical constants
of the two metals, and the most recent market prices,
namely—

S 8-93
C ioo
P ^91 per ton

2-

c 59
p ;£224 Per

and inserting these in the formula given above, we obtain
the following price ratio :—

8-93 x 91 x 59 _ 798 _ Ctu
2-68 x 224 x 100 ~~ 1000 ~ Al.

Expressing this ratio in another manner, ^798 expended
upon copper will equal .£1,000 expended upon aluminium
for the same length of wire of equal carrying capacity ; and
aluminium is, therefore, much the dearer metal of the two.

Special rates are, however, offered where large quantities
of aluminium are taken in rod or wire form for electrical
purposes, and in the United States large quantities of the
new metal have been sold at 29 cents per lb. = ^135 per
ton.1

Using this figure in the formula given above, the cost
ratio for conductors of equal length and equal carrying,
capacity becomes—

8-93 x 91 x 59 _ 1325 _ Cu.
2*68 x 135 x 100 1000 Al.

and copper is seen to be the more costly material.

III. INSTALLATIONS OF ALUMINIUM IN THE UNITED STATES
AND IN THE UNITED KINGDOM.

The low price at which aluminium is being sold for
conducting purposes in America therefore explains the

1 Messrs. T. Bolton & Sons inform the writer that in this country £170
per ton is quoted for large orders of the wire.
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readiness of electrical engineers in that country to adopt
the new metal. It may be explained here that at present
there is no talk of using aluminium for insulated con-
ductors ; the greater sectional area of the metal for equal
carrying capacity (i*68 : roo) rendering it impossible to
use it for such covered conductors, until it has fallen to
a much lower price relative to copper.

The following are the particulars of some of the bare
aluminium transmission lines already completed across the
Atlantic.

At Niagara Falls there are two aluminium transmission
lines; the one conveying current from the generating
station to No. 2 Works of the Pittsburg Reduction Com-
pany, and the other conveying current to the Chlorate
Works of the National Electrolytic Company. Both these
lines are short, and are stated to be working satisfactorily.
Together they transmit 4,000 H.P.

The Hartford Electric Light and Power Company have
an aluminium line between their generating station at
Tariffville, and Hartford—a distance of 11 miles. About
2,000 H.P. is transmitted at 10,000 volts pressure by the
three-phase system, over this line. The diameter of the
stranded cable used is f inch, and it weighs about 1,500 lbs.
per mile.

The aluminium transmission line of the Snoqualmie
Falls Power Company has been frequently described in
the technical press. It runs between the Falls and the two
towns of Tacoma and Seattle. Its total length is 34 miles.
When,,the scheme is completed, 10,000 to 12,000 H.P. will
be transmitted by this line at a pressure of 29,000 volts.
The aluminium used has been alloyed with 1^ per cent,
of copper, and the increased tensile strength of this alloy
has enabled spans of 120-150 feet to be safely used.

The Blue Lakes Power Company have an aluminium
line in use between their power-house at Blue Lakes, and
Stockton—a distance of 36 miles ; 1,000 H.P. being trans-
mitted by the three-phase system at a pressure of 25,000
volts. The line originally erected has been replaced by one
of greater carrying capacity, and .1,099,000 lbs. (446 tons) of
the metal have been used for the new line. At 29 cents
per lb. this represents an outlay of £60,400 (or £1,677 Pe r

mile) for the metal alone.
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One of the most interesting of the power transmission
schemes in U.S.A. for which aluminium is used, is that of
the Telluride Power Company. This Company generates
current at Provo, in Utah, and distributes it over an 8o-mtle
circuit to the mines at Mercur and at Tintic. 2,000 H.P.
was originally transmitted at 40,000 volts, but plans for
increasing this amount of power are being proceeded
with, and it is intended later to use a pressure of
60,000 volts.

Other Power Companies in America, in connection
with which aluminium is used, or-is. about to be used, in
place of copper, are the following:—

1. North Yuba Power Company, supplying 1,000 H.P.
to Sacramento from a generating station 63 miles
distant.

2. The Municipal Supply Company, supplying 2,000
H.P. to Orillia, Ontario, from a generating station
at Ragged Rapids, 18 miles distant.

3. The Big Cotton-Wood Power Company, supplying
Utah with 500 H.P.

4. The Standard Electric Company. The Company
has been floated to develop a scheme for supplying
San Francisco from a generating station in the
Sierra Nevada Mountains, 150 miles distant. The
success of this project depends upon the possibility
of using and maintaining the proposed pressure of
60,000 volts. It has been decided to use aluminium
cables for the scheme; and estimates have been
prepared.

In addition to the power-transmission lines named
above, aluminium is being used in place of copper for
conducting purposes by the Waxahachie Electric Light
Company, of Texas ; by the North-Western Elevated Rail-
road Company, of Chicago ; by the Kansas City and
Leavenworth Electric Railroad Company ; and by the
Manhattan Elevated Railroad Company, of New York.
For telephonic and similar purposes it is in use by the
Pennsylvania • Railroad Company, by the Pacific States
Telegraph and Telephone Company, and by the New York
Telephone Exchange. In this country the Northallerton



FIG. I.—Frame used for Wire Exposure Tests.

FIG. 2.—Corrosions on Surface of Aluminium FIG. 3.—Corrosions on Surface of Aluminium
Wire. Magnified 4 times. Wire. Magnified 20 times.
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Electric Lighting Company have four miles, and the
British Aluminium Company, at their Foyers Works, have
several miles of aluminium in use for various purposes ;
and the Post Office authorities are making experimental
trials of the metal for long-distance telephonic communi-
cation.

The difficulty of soldering aluminium has been sur-
mounted in most of these schemes by using mechanical
joints, the Maclntyre sleeve-joint being that usually adopted.
In one or two cases, as at Niagara and at Northallerton,
soldered-joints have been made, but the writer doubts
whether these will prove as satisfactory.

This summary of the chief installations of aluminium as
an electrical conductor in the United States and in this
country, shows that considerable progress has been made.
In time the metal, if it be found to possess the requisite
durability, may become an important rival of copper in this
new field of usefulness.

IV. DURABILITY OF ALUMINIUM AND OTHER METALS
UNDER ATMOSPHERIC EXPOSURE.

The old idea that aluminium was absolutely proof
against attack by all agents excepting alkalies and hydro-
chloric acid is now known to be incorrect; and Ditte in
communications made to the Academie des Sciencesx has
shown that aluminium is, easily attacked and corroded by
air and water under certain conditions. It is therefore of
considerable importance to inquire whether these conditions
are present when aluminium is used as a bare conductor for
overhead lihes, and is exposed to all the varieties of weather
that we experience in the course of the four seasons of the
year. In America electrical engineers are conducting this
inquiry in the usual American fashion ; and their installa-
tions of aluminium for transmission lines in California and
other places, are in reality large scale experiments which, if
unsuccessful, will cause heavy losses to fall upon those who
have been financing these undertakings.

< In order to obtain independent and reliable figures
concerning the effects of exposure upon aluminium, the

1 Comptes Rendus, March-April, 1899.
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writer, since October, 1899, n a s b e e n carrying out two series
of observations in the North of England. The samples of
aluminium used are in rod and wire form, and were kindly
placed in the writer's hands by Messrs. T. Bolton & Sons,
of Oakamore Wire Works, and by the British Aluminium
Company. In order to make the investigation more com-
plete, the inquiry was extended to all metals and alloys
used for electrical conductors, and samples of copper,
tinned copper, and of galvanised iron wire were also sent to
the writer by Messrs. T. Bolton & Sons. It is a curious
fact that there would appear to have been no previous
scientific observations upon the durability of these metals
or alloys under atmospheric exposure ; and the choice of
the metal or alloy for overhead wires in any particular
district has apparently been settled by custom rather than
by scientific knowledge.

The methods of observation adopted by the writer in his
experiments were as follows :—

The rods and wire were cut into 2-feet lengths, and
were mounted upon glass insulators in two frames, so that
their position was parallel one to the other, and horizontal
with regard to the ground.

Fig. 1 is a reproduction of a photograph of one of these
frames containing the sample wires. The frames carrying
the wires were so placed that the drops of water collecting
upon the wires in wet weather could not by any chance pass
from one wire to another, and thus bring electrolytic action
into play. Each length of wire was carefully marked and
weighed before commencing the exposure, and the weights
recorded. The one frame with its nine insulated sample
wires was exposed upon the roof of a building inoSt. Helens,
Lancashire, from October n th , 1899 to August 23rd, 1900 ;
and the second frame was similarly exposed at Waterloo,
Lancashire, for the same period of ten months.

The climate of St. Helens is probably too well known to
need description; but it has improved considerably in recent
years, owing to the closing of several chemical works. The
place in which the wires were exposed is now singularly
free from chlorine and hydrochloric acid gases.

Waterloo is on the Mersey, six miles north of Liverpool,
and its atmosphere is that of an ordinary west-country sea-
side town, phis much sand. During the exposure period
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of ten months the frames were not touched or moved. At
the end of this period the wires were removed from the
frames, cleaned from the soot and dirt of all kinds which
had accumulated upon them, and after thoroughly air-
drying, were re-weighed. The results are set forth in
Table II.

TABLE II.

RESULTS OF EXPOSURE TESTS OF ALUMINIUM AND OTHER WIRES.

Composition and
Form of Sample.

Aluminium Rod No. i
„ „ No. 2

Aluminium Wire No. i
,, ,, No. 2

„ No. 3

Galvanised Iron Wire No. i
No. 2

Copper Wire No. I

Tinned Copper Wire No. i

Waterloo Set ; io Months.

+ = Gain ) •!?
- = Loss J" S;

.s

Per cent.
nil
+ '13

+ '41

nil
+ '55

- 'IS
- 16

nil

nil

Remarks.

/ These 5 samples
1 were all pitted,
especially on

•I the under sides,
where water-
drops had col-

\lected and dried.

/ No change in
•j appearance to
(the eye.

(Oxidised on sur-
\ face.but not pit-
(ted or corroded.

St. Helens Set ; 10 Months.

+ = Gain ) -|f
— = Loss / >

.£

Per cent.
+ -27
+ "51

+ ^ 3
+ "S3
+ -54

— r 4 4

- 1 - 6 5

- 1-31

Remarks.

-These 5 samples
were very badly
pitted. Dirt had
settled in their
corrosions and
could not be re-
moved by scrub-

.bing.
/Badly corroded.
•jZinc par t ly
(eaten away.
•These wires
were perfectly

- black, and could
not be distin-
guished.

The above figures show that the aluminium wires and
rods had nearly all gained in weight during the ten months'
exposure, the gain varying from nil up to "83 per cent, on
the weight of the original wire. This gain must be attri-
buted to the corrosion of the rods and wires, and to the
settling of soot and dirt in the crevices. No amount of
scrubbing would remove this dirt. The weights of these
aluminium rods and wires were therefore of very little use in
determining how far they had suffered by the exposure, and
the two samples of aluminium wire marked No. 1 in Table II.
were submitted to conductivity, and tensile strength, tests.1

The results are given in Table III.
1 These tests were made by the Faraday House Testing Institution.
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TABLE III.

TESTS OF ALUMINIUM W I R E FOR CONDUCTIVITY AND TENSILE

STRENGTH.

Original wire

Waterloo sample

St. Helens sample

Conductivity; Copper ioo.

51-3

51-4

466

Tensile Strength ; tons per
square inch.

I3-l6l

12 "O6

iriS

It has been customary to assume that the aluminium wire
supplied for electrical purposes had a conductivity of from
57-63 per cent, that of copper, taking equal sectional areas
of the two metals. The following figures were in fact sent
to the writer with the samples of aluminium wire used in
some of these experiments.

Sample
Wire.

1. Rod

2. Wire

3. 'Wire

Composition.

o,8-99£ per cent. Al.

99 per cent. Al.

99 per cent. Al. 1 per cent. Fe.

Conductivity ;
Copper 100.

60-62

65

62

Tensile
Strength ; tons
per square inch.

16-18 tons

13-16 tons

16-18 tons

Samples 2 and 3 were, however, submitted to independent
tests for conductivity, before exposing, and it was found that
in place of conductivities of 65 and 62 per cent., they only
possessed conductivities of 51 per cent, and 54 per cent,
respectively. It is, of course, known that pure aluminium
has a conductivity 63 per cent, that of copper ; and the low
conductivity of these samples can only be explained by the
presence of iron, or other metals, introduced to increase
their strength. The conductivity tests supplied by the firm
in question were evidently based on surmise, not on actual
results.

The tests given in Table III. show that although the St.

1 This test was supplied by the firm from whom the wire was obtained,
and it is therefore not strictly comparable with the others.
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Helens wire had gained in weight, yet considerable loss in
conductivity and tensile strength had resulted from the
exposure and consequent pittings. The Waterloo samples,
although pitted to a less extent, had not lost in conduc-
tivity ; and the tensile strength had probably not suffered,
although in the absence of a special test of the original
wire it is impossible to be quite certain on this point. The
remains of these two sample wires are here on the table for
examination by those interested in the subject, and photo-
graphs of the more badly corroded wire are also exhibited.

Examining" Table II. again, in order to study the results
obtained with the remaining wires, we see that both in
Waterloo and in St. Helens the galvanised iron wires had
lost in weight; the losses in the latter case being serious and
amounting to 1*44 per cent, and 2-13 per cent, of the original
weight of the wires. In this case almost the whole of the
zinc had been dissolved away by the action of the acid gases,
and the exposed iron was badly oxidised. The two Waterloo
samples were, on the other hand, bright and clean, and to
the eye did not appear to have suffered.

The copper and tinned copper wires exposed at Waterloo
were oxidised on the surface ; but no pitting had occurred,
and there was neither loss nor gain in weight. The two
samples of similar wire exposed at St. Helens had both lost
in weight (1*65 and 1*31 per cent, respectively), and as the
whole of the tin had been dissolved off the tinned copper
wire, it was impossible to distinguish one from the other.

V. CONCLUSIONS.

It is perhaps unwise to found any general conclusions
upon the results of these observations, since they refer to
two districts only. The British Isles can afford a very wide
and ample selection in the way of climates. It would, of
course, be interesting to have similar series of observations
established in London, and in one or more of our large
cities with a manufacturing population—say Manchester,
Glasgow, or Sheffield ; but at the moment the writer is
unable to establish these. The investigation, however, proves
that the aluminium wires at present sold for conducting pur-
poses in this country are not perfectly resistent to atmo-
spheric corrosion, and that in the atmosphere of a town
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where sulphurous acid gas exists as an impurity in the air
the metal is very badly attacked.

Though St. Helens is certainly an exceptional town, it is
probable that in any large town burning a large amount of
coal, either for domestic or for manufacturing purposes, the
atmospheric conditions will approach those obtaining there,
and that the various metals will be attacked to a somewhat
similar degree.

Under such conditions all metals used for overhead con-
ductors are subject to attack, and aluminium is unsuitable for
use, owing to the pitting which occurs. In such towns it is
advisable to use copper for all overhead wires, and the pro-
posal to use aluminium, especially for overhead trolley lines,
must be condemned.

In country districts or in small towns, where the im-
purities present in the air are reduced to a minimum, all
metals experimented with seem to be fairly durable, but the
slight pitting of aluminium which occurs—even in such an
atmosphere, may prove serious ; for by allowing the lodg-
ment of small particles of foreign matter it may in time lead
to the disintegration of the whole mass of metal.

Upon this point the researches of Ditte, already alluded
to, are of importance.

The observations are being continued at the two localities
named, and on a future occasion the author hopes he may
have the pleasure of presenting further figures on this subject
for your consideration.

The PRESIDENT : I have a communication here, which
is, I believe, the very first communication that the Director
of the National Physical Laboratory, Dr. R. T. Glazebrook,
has sent to any meeting like this :—

" T H E NATIONAL PHYSICAL LABORATORY,
" O L D DEER PARK,

"RICHMOND, SURREY,
"January 9, 1901.

"DEAR SIR,
" I had hoped to have been present at the meeting of the Insti-

tution to-morrow night, but fear I shall be unable to come. It occurred
to me on reading Mr. Kershaw's paper that it might be thought
desirable to repeat and extend his very interesting observations on
the relative durability of aluminium and other metals for certain elec-
trical purposes. If this is the case, I shall be glad to endeavour to


